Estimating clutch frequency in the sea turtle Dermochelys coriacea using stopover duration. Marine ABSTRACT: When direct counts are not possible, relative population size indices, based on animal activity (e.g. number of tracks, burrows, feces, calls per unit area), are sometimes the only tools available to investigate population size variations over time. In sea turtles, the number of clutches laid on a nesting beach in a particular season is commonly used as a relative index of population density. The factor of proportionality that links the relative index and population density is the number of clutches annually laid per female per season or clutch frequency. At Awa:la-Ya:lima:po Beach, French Guiana (South America), we estimated clutch frequency in the sea turtle Dermochelys coriacea using capture-recapture monitoring over an 8 yr period (1995 to 2003, 1997 excluded). We compared 2 methods: (1) Estimated Clutch Frequency (ECF), where Observed Clutch Frequency (OCF) was corrected by taking account for intermediate missed nests, and (2) Total Clutch Frequency (TCF) derived from recent advances in capture-recapture methodologies that were initially developed to estimate stopover duration in migratory animals. Compared to the first method, the latter enabled estimation of the time spent before first capture and after the last capture, as well as the capture probability. Mean annual clutch frequency derived from stopover duration was considerably higher than ECF (respectively 2.38 and 7.01 clutches female -1 yr -1 ). In nesting sites where survey effort is low and variable over years, using capture-recapture data analysis might enhance the reliability of conclusions about population size in marine turtles.
INTRODUCTION
When population density cannot be estimated from direct counts, relative measures or density indices based on animal activity signs (e.g. number of tracks, burrows, feces, or calls per unit area) are commonly used in wildlife studies, particularly in studies with terrestrial vertebrates (Thompson et al. 1989 , Becker et al. 1998 , Schwarz & Seber 1999 , Wilson & Delahay 2000 , Altrichter & Boaglio 2004 . These indices assume a fixed level of search effort that allows the researcher to locate the same proportion of the population. When no adjustment for variable search effort, or for variations in environmental parameters, is possible, the assumption is that the relative index is proportional to population density and that the proportionality factor is constant over time (Seber 1982 , Schwarz & Seber 1999 .
Although sea turtles are predominantly a marine species, estimations of abundance are based on activity signs recorded in terrestrial habitats where females aggregate to lay eggs during nesting season. In marine turtles that feed and nest in the northern hemisphere, nesting activity mainly occurs between early summer and fall. Females crawl onto the tropical and sub-tropical beaches mostly between dusk and dawn, excavate a nest in the sand to deposit their clutch, and then return to the sea. Each individual repeats this process several times a year (Miller 1996) . This period of egg deposition is often the only occasion when a substantial part of a sea turtle population is easily accessible for sampling. It therefore presents an important opportunity for studying population dynamics of adult female sea turtles. Many studies have used the total number of clutches laid in a particular season as a relative index of reproductive population size (Gerrodette & Talylor 1999 , Schroeder & Murphy 1999 , Broderick et al. 2002 , Troëng & Rankin 2005 . The proportionality factor is the number of clutches female -1 yr -1 (also called clutch frequency). Therefore, without information on clutch frequency, a change in the number of nests recorded may be attributed to a change in the number of females nesting, although it may simply reflect annual variation in reproductive output.
Clutch frequency in sea turtles is assessed using capture-recapture (CR) data collected on nesting beaches. For CR sampling, nesting females are individually tracked over time using external metal tags (Limpus 1992 , Bjorndal et al. 1996 or internal Passive Integrative Transponders (PIT; Dutton & McDonald 1994 , Godley et al. 1999 .
Tagging and re-sighting are carried out when female sea turtles come ashore for nesting. The minimal information related to clutch frequency gathered from beach monitoring is the number of clutches recorded for each female, referred to as Observed Clutch Frequency (OCF; Frazer & Richardson 1985) . However, if all nesting events are not exhaustively observed, OCF can underestimate true clutch frequency (Frazer & Richardson 1985 , Frazer & Richardson 1986 , Johnson & Ehrhart 1996 , Broderick et al. 2002 ). Frazer & Richardson (1985 proposed a corrected estimator of OCF to account for bias due to low survey effort. This value, referred to as Estimated Clutch Frequency (ECF), evaluates the number of missed clutches between the first and the last observation (Frazer & Richardson 1985) .
Because of year-to-year variations in time spent before first capture, time spent after last capture and resighting effort, it is unclear whether inter-annual variations in ECF (Frazer & Richardson 1985 , Frazer & Richardson 1986 , Johnson & Ehrhart 1996 really reflect variations in clutch frequency. Moreover, ECF is based only on turtles observed at least twice and may not be representative of the entire population.
Reliable estimations of clutch frequency are required to derive the annual number of breeding females from nest counts. Schaub et al. (2001) developed a new approach for estimating the stopover duration (i.e. total time an animal is present in the sampling area) in migratory birds using CR monitoring. Relying on recent advances in CR data analysis (for modelling of survival see Lebreton et al. 1992) , this method estimates the time the animal has spent at the sampling place before and after capture. In the context of sea turtles, this method is of interest for estimating clutch frequency. Indeed, by properly estimating the interval between 2 clutches, the number of clutches female -1 yr -1 can be estimated from the stopover duration.
The study reported in this paper was based on Awa:la-Ya:lima:po beach, western French Guiana (South America), one of the largest remaining nesting grounds for the critically endangered leatherback sea turtle Dermochelys coriacea (Spotila et al. 1996 , Hilton-Taylor et al. 2002 . Using CR data, we first estimated OCF and ECF as proposed by Frazer & Richardson (1985) . We then estimated clutch frequency based on stopover duration (Schaub et al. 2001) . finally, we compared the number of females breeding annually on this nesting beach (derived from nest counts) when computations were based on ECF or on stopover duration.
MATERIALS AND METHODS
Natural history of leatherback sea turtles. The leatherback sea turtle is a pelagic species that migrates between foraging and nesting grounds (Miller 1996) . The foraging distribution of the leatherbacks encompasses tropical, temperate and sub-polar waters (Girondot & Fretey 1996 , James 2000 , James & Herman 2001 , Hays et al. 2004 , whereas nesting activities are limited to tropical and subtropical areas (Miller 1996 , Spotila et al. 1996 . Within a nesting season, females lay up to 13 nests (Girondot & Fretey 1996) . The interval between 2 successive clutches varies from 6 to 12 d (Girondot & Fretey 1996) . Although marine turtles generally display fidelity to their nesting beach (Allard et al. 1994) , leatherbacks sometimes make excursions to nearby beaches (Spotila et al. 1996 , Hilterman & Goverse 2003 , Rivalan 2004 . After depositing their last clutch, females leave the nesting ground and travel back to the foraging ground (Ferraroli et al. 2002) .
Data collection. The present study took place in the Maroni River estuary, at the border between French Guiana and Suriname (Fig. 1 ). The beach Awa:la-Ya:lima:po, located on the eastern side of the estuary, is the largest nesting beach in the region (Spotila et al. 1996) . However, other beaches close by also host nesting leatherbacks, especially on the western side of the Maroni River (e.g. Babusanti, Kolukubo beaches; Fig. 1 ). Because observations showed that some females nest on both sides of the Maroni River (Hilterman & Goverse 2003), females from French Guiana and females from Suriname were generally assumed to belong to the same population.
Since 1987, individual identification of breeding females by tagging and re-sighting has been performed using 2 types of markers. From 1987 From to 1994 From (1989 and in 1997, females were tagged with a self-piercing, numbered metal tag on the left rear flipper (Girondot & Fretey 1996 ). From 1995 (1997 , tagging was performed by injecting an encoded microchip (i.e. PIT tags) into the right shoulder muscles of the turtle . Each year, from March-April to mid-August, the beach was patrolled at night from 2 h before until 2 h after the high tide (Girondot & Fretey 1996) . Nesting females encountered during patrols were scanned for tags. If a tag was present, their identity was recorded. If no tag was present, a PIT tag was injected into the right shoulder of the turtle.
Because a high tag-loss rate occurs with Monel tags (Rivalan et al. 2005) , we limited our analyses to CR data gathered from PIT tags (i.e. from 1995 to 2003, 1997 excluded) . Unsuccessful detections of PIT tags have been reported in flatback (Parmenter 1993) , green (Godley et al. 1999 ) and loggerhead turtles (Godley et al. 1999 ). However, Dutton & Dutton (1994) did not find any evidence of intra-seasonal PIT tag loss in leatherback sea turtles nesting in Sandy Point National Wildlife Refuge on St. Croix, US Virgin Islands. We therefore assumed that PIT tags were not lost within nesting seasons in leatherbacks nesting in French Guiana. The total number of females observed per nesting season and the mean number of clutches per female (OCF; Frazer & Richardson 1985) on this beach are reported in Table 1 .
In sea turtles, not all nesting attempts result in a successful egg-laying. Failures generally occur when females are disturbed during the nesting process (Schroeder & Murphy 1999) . The proportion of non-nesting emergences can vary over years with beach quality due to rain, debris or tourist activity. When a female was observed more than once within a 3 d period, we assumed that she failed to nest at the time of the first observation. In order to conserve only successful nesting attempts, we discarded the first observation and kept only the last one.
Estimation of ECF. ECF is the number of clutches that a turtle is believed to have deposited (Frazer & Richardson 1985 , Johnson & Ehrhart 1996 . To compute ECF, we followed Frazer & Richardson's (1985) method. ECF values were based on the number of days between observations (i.e. inter-nesting interval). The mean inter-nesting interval for leatherback turtles at Awa:la-Ya:lima:po beach was 9.8 d (Fretey & Girondot 1989 ). The number of nests added to each turtle's record was calculated by dividing the number of days a female spent at large by 9.8 (if longer than 19 d). For turtles where intervals from 15 to 18 d occurred between observed nesting events, it was assumed that 1 clutch was deposited during this time (Frazer & Richardson 1985 , Johnson & Ehrhart 1996 . Following the same method, we also computed ECF for females seen more than once, in order to minimize bias due to one-time nesters.
Modelling clutch frequency. A limitation of ECF is that it neglects the time an animal spends at the nesting area before the first and after the last observations. To correct this bias, we used new advances in CR data analyses to estimate the total duration an animal is present in the sampling area (Schaub et al. 2001 value, termed total stopover duration, is expressed in number of re-sighting periods (Schaub et al. 2001) . By adequately calibrating re-sighting periods, such as only one clutch is laid per re-sighting period, the total stopover duration directly approximates the total önumber of clutches female -1 yr -1 . Referring to original terminology related to stopover (i.e. minimum stopover vs. total stopover; Schaub et al. 2001) , the total number of clutches female -1 yr -1 derived from stopover duration will hereafter be referred to as Total Clutch Frequency (TCF). Assumptions underlying CR models: CR models rely on several assumptions regarding independence of individuals and homogeneity of recapture or survival probability regardless of previous capture history (Lebreton et al. 1992) . Violations of these assumptions may necessitate adjustments to the model structure (e.g. Lebreton et al. 1992 ) and/or data structure (e.g. Pradel 1993) . Previous survival analyses based on CR data from Awa:la-Ya:lima:po beach indicated that several assumptions underlying CR models were not met (M. Girondot unpubl. data, Rivalan 2004 ). Infidelity to the nesting site in leatherbacks induces the occurrence of transients on Awa:la-Ya:lima:po beach (i.e. turtles only seen once a year; Pradel et al. 1997 ). The appearance of these visitors, originating from the nearby nesting beaches, may lead to biased estimates of local sur-vival rate (Pradel et al. 1997 ). Furthermore, daily CR data structure violated the assumption of homogeneity in capture among individuals. As aforementioned, females are available for detection only when they lay eggs on the beach (i.e. every 6 to 12 d; Girondot & Fretey 1996) . Therefore, a turtle that nested on Day d (and was thus potentially observable) has a lower probability to nest on Day d + 1 (and thus to be observable) than a turtle that nested before Day d. However, this bias can be eliminated if daily CR data are relevantly pooled (see next subsection).
Definition of relevant resighting periods: In a daily observation regime, the lag time between 2 successive clutches induces sequences of one observable state followed by several non-observable states ( Fig. 2a ). This is known as a trap-shyness effect ( Fig. 2a; Pradel 1993) , violates the assumption of capture homogeneity (i.e. each individual does not have the same resighting probability at a given occasion). We thus pooled daily observations into adequate time periods during which females nested only once (Fig. 2b,c) . We assessed the most relevant duration of time periods by running Test 2.CT and N(0,1) statistics (Pradel 1993 ) on rearranged data sets with time periods from 6 (i.e. minimal time required to produce 2 successive clutches in marine turtles; Owens 1980) to 12 d. Test 2.CT estimates the probability of trap-dependence in the data set whereas the N(0,1) statistic predicts the direction of the detected trap-effect (i.e. N(0,1) < 0 = trap-happiness, N(0,1) > 0 = trap-shyness, Pradel 1993) . A long timeperiod would lead to an increased probability of resighting an animal already observed ('trap-happiness'; Fig. 2c ), whereas a small time-period would lead to a decreased probability of re-sighting already observed animals ('trap-shyness'; Fig. 2d ).
Defining relevant re-sighting periods has immediate consequences for interpretation of stopover duration. As previously mentioned, stopover duration expresses the number of re-sighting periods an animal is present in the sampling area. Since Test 2.CT selects the time period in which a female is seen only once, the stopover duration directly approximates total clutch frequency (TCF).
Computation of stopover durations: Estimation of the total stopover duration was performed from CR data using SODA software (Choquet et al. 2000 , Schaub et al. 2001 . Minimum stopover was calculated as the number of capture occasions between the first and last capture (or re-sighting) for a given turtle. However, not all individuals at the sampling area on a given occasion are captured. A turtle may have arrived before its first capture and may have left the study area after its last capture. Individual capture histories can be analyzed using classical CR methods. This allows estimation of the following parameters: (1) capture probability on a given occasion; (2) local survival probability (Lebreton et al. 1992) , which is 1 minus the emigration probability -from this the duration of stay after an occasion of capture can be estimated; (3) local seniority probability (proportion of the population that was already present prior to the first capture, Pradel 1996) which is 1 minus the immigration probabilityfrom this the duration of stay before an occasion capture can be computed. The sum of both durations is an estimate of the expected stopover duration of animals present on that capture occasion (for further details, see Schaub et al. 2001 ).
Once the time periods for pooling data were assessed, we followed Schaub et al.'s (2001) recommendations for estimating stopover durations. First, we selected survival and recruitment models. To take transients into account, we included a distinct parameter in the survival model to account for survival of individuals immediately after first capture (Pradel et al. 1997) . Hereafter, models that account for transients in survival modelling are denoted with the subscript τ which represents transients.
We used the Akaike's Information Criterion corrected for small samples size (AICc) to select the most parsimonious model for the data. The model with the lowest AICc was selected (Akaike 1974 , Lebreton et al. 1992 ). When the difference in AICc (ΔAICc) between 2 nested models is lower than 2, the 2 models equally describe variation in the data (Lebreton et al. 1992) . In this case, when the constrained model had a higher AICc than the general one, we used the Likelihood Ratio (LR) test to help in model selection.
We then estimated stopover duration using SODA software (Schaub et al. 2001 ) with the MSURGE selected models. Confidence intervals of total stopover duration were obtained using a non-parametric bootstrap (1000 iterations) on individual capture histories (Schaub et al. 2001) .
Inter-annual variations in the annual mean stopover durations were tested by performing repeated measures ANOVAs using SAS (SAS Institute). Repeated measures ANOVAs were performed using the stopover durations generated by bootstrap resampling. We used 20 turtles yr -1 to keep the test conservative with respect to the number of field observations.
RESULTS

Calculating ECF
ECF for all the nesting females gave values ranging from 1.32 (SE = 5 × 10 -3 ) in 1996 to 3.63 (SE = 3 × 10 -3 ) in 2002 ( Fig. 3) , with a mean ECF of 2.38 (SE = 3 × 10 -3 ). ECF varied significantly among years (F = 118.65, df = 8, p < 0.01), with a significant increasing trend (F = 546.67, df = 1, p < 0.01). ECF r , the estimated clutch frequency for females seen more than once, followed the same pattern as ECF estimated for all females (Fig. 3) . As expected, ECF and ECF r were significantly different from OCF (F = 873.77, df = 2, p < 0.01 and F = 4344.00, df = 2, p < 0.01, respectively).
Definition of relevant re-sighting periods
From 1995 to 2003, re-sighting periods were estimated for each year using Test 2.CT and N(0,1) statistics. A re-sighting period of 9 d was clearly evident in 1995, 1996, 1998, 1999, 2001 and 2002 (Fig. 4) . However, the duration between 2 successive clutches seems variable with years, as 8 d periods were selected in 2003 and 10 d periods in 2000.
Estimation of TCF
Models with time dependent local survival rate were selected for all years (Table 2 ). In 1998, a model with constant local survival rate competed with a model with time-dependent local survival rate (i.e. ΔAIC < 2). However, LR testing rejected constancy of local survival rate. Local seniority rates were time-dependent for all years except 1998 and 2000, where seniority was constant over time (Re-sighting rates were selected as time-dependent for all years in local survival models (Table 2) (Table 2 , Fig. 5 ). Re-sighting rates in seniority modelling were selected as time-dependent in all years except 1998 and 2000 ( Table 2 ).
The mean clutch frequency derived directly from the total stopover duration (i.e. TCF) gave values from 4.57 (SE = 0.12) in 1999 to 9.58 (SE = 0.13) in 2003 (Fig. 3) . The inter-annual variations in TCF were highly significant (repeated measures ANOVA: F = 73.88, df = 64, p < 0.01) when all years were considered (i.e. from 1995 to 2003). The stopover durations estimated in 1999 were very different from the other years, in both amplitude and shape. However, a closer analysis of data collected during this year showed that CR protocol had not been carried out for 2 periods of 6 and 9 successive days in the middle of the season (21-26 June and 28 June-6 July, respectively). The relatively low TCF estimated in this season might originate from this gap in CR protocol. Because this low value might have a big influence on temporal variations, we performed the same analysis excluding 1999. In this latter anlysis, TCF remained highly variable between years (repeated measures ANOVA: F = 75.42, df = 56, p < 0.01).
DISCUSSION
The use of relative population size indices based on animal activity assumes that a direct relationship exists between the population size and the monitored index (Seber 1982 , Schwarz & Seber 1999 ). If the proportionality factor varies over years, it is impossible to estimate temporal trends in population size, unless the proportionality factor is accurately estimated. In marine turtles, the total number of clutches laid in a particular season is commonly used as an index of 290 1995 1996 1997 1998 1999 2000 2001 2002 2003 Mean number of clutches female -1 nesting population size (Schroeder & Murphy 1999) . In this case, the proportionality factor is the number of clutches laid female -1 yr -1 , also called clutch frequency. By using stopover duration to assess the true clutch frequency, we assumed that females do not nest outside the sampling season. Although Schaub et al.'s (2001) method estimates the time an animal has spent in the nesting area before the first and after the last observations, this corrective method is constrained by the start and the end of the CR survey. Since Schaub's (2001) method relies on CR data, stopover duration cannot exceed the total duration of annual surveys. The main nesting season for leatherback turtles in French Guiana extends on average from early March to mid-August (Fretey & Girondot 1989 , Girondot & Fretey 1996 . Although nest counts have been temporally and spatially heterogeneous on Awa:la- Guiana from 1995 Guiana from to 2003 Guiana from (1997 . In order to apply CR models, daily CR observations need to be pooled into adequate resighting periods, within which a female is observed once. Adequate re-sighting periods were annually assessed using N(0,1) statistics and Test 2.CT (Pradel 1993 ). Vertical bars represent N(0,1) statistics: grey, trap-shyness (i.e. N(0,1) > 0) and black, trap-happiness (i.e. N(0,1) < 0). Triangles correspond to Test 2.CT P value (Pradel 1993 ). Dashed line: p-level = 0.05. The relevant re-sighting periods are indicated by vertical bold arrows: Test 2.CT (p-level > 0.05) and the absolute value of N(0,1) ≈ 0 Ya:lima:po beach, modelling the nesting season has been possible for some years (i.e. 1986 , 1987 , 1991 , 2000 Rivalan 2004) . Based on these data, it appears that the nesting season is seasonally variable. The beginning of the nesting season, defined as the point where 10% of the peak number of nests per night was reached (D 10% ), was observed on varying dates between March 20 and May 15 (Rivalan 2004) . Individual tagging was generally begun before D 10% , except in 2001 and 2003, where it begun respectively 8 and 12 d after D 10% . This implies that TCF is probably an under-estimated true clutch frequency for those years, but it is hard to quantify the amplitude of this bias. A more critical assumption was that adult females come onto the beach to nest once per time-adjusted period. CR data analysis with Test 2.CT-selected resighting periods ranged from 8 to 10 d, depending on the season in question. Based on physiological data, minimal duration between 2 successive clutches in sea turtles was estimated to 6 d (Owens 1980) . Intensive beach monitoring performed at Awa:la-Ya:lima:po in 1988 validates this assumption, since females were found to come ashore for nesting every 9.8 d on average (Fretey & Girondot 1989) . Based on data collected on St. Croix (US Virgin Islands) from 1982 to 1994, inter-nesting interval in leatherbacks was estimated to 9.6 d (Boulon et al. 1996) . Therefore, it seems reasonable to assume that a female nests only 1 clutch within a period of 8 to 10 d. The internesting interval (i.e. duration between 2 successive clutches within a season) is negatively correlated with sea surface temperature (SST; Sato et al. 1998 ). The range of inter-nesting interval assessed by Test 2.CT might therefore originate from variations in the mean annual SST. Re-sighting period numbers Fig. 5 . Dermochelys coriacea. Estimated re-sighting probabilities (squares) and 95% confidence intervals (error bars) of leatherback turtles nesting in Awa:la-Ya:lima:po (French Guiana) from 1995 (1997 . Estimation of re-sighting probabilities was derived from model selection (see Table 2) Using a mean re-sighting period to approximate inter-nesting periods might introduce bias in stopover duration if a nesting population is composed of 2 groups of females. Since leatherbacks are ectotherms, if a group of nesting females swims in colder water, their mean inter-nesting interval will likely be longer than females swimming in warmer water. The resulting stopover duration will be underestimated if the 2 groups are pooled. A second source of bias in our estimation of clutch frequency is the neglect of possible intra-seasonal skipping. On those 2 particular issues, ECF is probably less biased, because it is based on an individual assessment of an intervening clutch between 2 observed clutches (Frazer & Richardson 1985 , Johnson & Ehrhart 1996 .
Clutch frequency estimated from stopover duration (TCF) was considerably larger than clutch frequency estimated from ECF. Several explanations can explain the discrepancy between these 2 estimators. First, the fundamental weakness of ECF is that it neglects the time spent before the first and after the last observations. Since Schaub et al.'s (2001) method was specifically developed to remedy this bias, it is not surprising that TCF is larger than ECF. However, Efford (2005) showed that Schaub et al's (2001) method might overestimate true stopover under particular conditions. Assuming that an animal that has already stopped over for several days has the probability of departure as a newly-arrived animal (i.e. stopover duration follow a Poisson distribution), simulations showed that estimates of mean stopover duration were inflated by 100% (Efford 2005) . Sea turtles are considered capital breeders, i.e. energy invested in reproduction is gathered prior to reproduction. It is therefore unlikely that a female already present on nesting grounds, who has already drawn on her energy reserves to nest, will have the same probability of departure as a female who has just arrived from the feeding grounds. Our case study corresponds to Schaub et al.'s (2001) initial situation where most animals spend approximately the same time at the stopover site. In this case, stopover estimation performs well (Pradel et al. 2005) . Secondly, Johnson & Ehrhart (1996) and Broderick et al. (2002) found that ECF is an underestimate of true clutch frequency because when a female nests only once, no correction is possible. We acknowledged that one-time nesters are of major importance in the ECF of leatherbacks nesting in French Guiana since they represent about 50% of females observed every year. Even when one-time nesters were discarded from the analysis, ECF remained lower than TCF. Unlike other sea turtles, which exhibit a more constant nesting fidelity (Bosc & Le Gall 1986) , field observations of leatherbacks have shown that fidelity may be relaxed in this species, allowing occasional excursions to neighbouring beaches in Suriname (Hilterman & Goverse 2003) . These animals, referred to as transients, might explain the large proportion of females observed only once. In our computation of stopover, emigration and immigration probabilities were estimated after suppression of the first observation of all animals. This method, proposed by Pradel et al. (1997) , is a reliable method for correcting bias of transients in the estimation of demographic parameters. Since stopover resulted from immigration and emigration probabilities, our estimators of clutch frequency derived from stopover duration are expected to be less affected by one-time nesters than ECF. However, our modelling did not account for non-resident females observed more than once on Awa:la-Ya:lima:po beach. Predicting the direction of the bias associated with those non-resident females is challenging, since it depends on patterns of beach shifting. Indeed, if non-resident females nest successively on Awa:la-Ya:lima:po beach and then go back to their beach, they will increase probability of departure. Considering residents and non-residents as a pool will induce an over-estimation of the mean departure probability and subsequently induce under estimations of stopover duration. Conversely, if non-resident females nest once at the beginning of nesting season and once at the end of the nesting season, stopover duration will be overestimated. However, this bias is not inherent to TCF, since ECF is affected in the exact same way.
Sandy Point Wildlife Refuge (St. Croix, US Virgin Islands) has been the focus of beach monitoring for leatherbacks in the Atlantic since the early 1980s (Boulon et al. 1996) . The very high re-sighting probability estimated on Sandy Point (i.e. 0.92; SE = 0.005, Dutton et al. 2005 ) is a good reason for questioning the relevance of clutch frequency derived from stopover. On Sandy Point, OCF was 5.26 nests female -1 yr -1 (range = 3.90 to 6.03, SE = 0.73, Boulon et al. 1996) . Boulon et al. acknowledged , notably, that OCF may under-estimate annual nesting because females may also nest unobserved on other beaches (Boulon et al. 1996) . Our estimations of clutch frequency were between 4.68 and 9.04. Although females nesting in Sandy Point do not belong to the same population as females nesting in French Guiana (Dutton et al. 1999 (Dutton et al. , 2003 , we were confident that the estimators of clutch frequency derived from stopover duration are sufficiently plausible.
As a direct consequence of discrepancy in clutch frequency estimators, the total number of nesting females in Awa:la-Ya:lima:po (estimated by dividing the total number of nests by clutch frequency estimator) was smaller with TCF than ECF. Based on the estimation of total number of nests in the region from 1995 to 2002 , the number of nesting females ranged from 790 to 4542 (TCF) to 2750 to 21 800 (ECF). Although these 2 estimates overlapped, relying on ECF might overestimate nesting population size derived from nest counts. Given the critically endangered status of the leatherback sea turtle (Hilton-Taylor et al. 2002) , and that French Guiana is one of the largest remaining nesting grounds for this species (Spotila et al. 1996) , conservation actions which have already been started in French Guiana must be continued. More generally, given the weakness of ECF, conservation policies relying on ECF might need to be reconsidered in nesting grounds where sampling effort is low and variable. However, relying on the number of nesting females to assess the status of a population presents a caveat (Bjorndal et al. 1999 , 2000a , Heppell et al. 2005 , Troëng & Rankin 2005 . Environmental variables are known to influence the number of turtles ready to nest in a given year (Limpus & Nicholls 1988 , Bjorndal et al. 1999 , 2000a , Troëng & Rankin 2005 . For instance, the low number of females estimated in 1998 might reflect a low probability of breeding for that year. This statement is confirmed by the larger numbers of females estimated in the most recent years (i.e. about 1200 females from 1999 to 2002). Capture-recapture models enable estimation of the probability of being a breeder in a given year (Open-Robust design; Kendall & Bjorkland 2001) . Dutton et al. (2005) used this method and showed a significant increase in female leatherback populations nesting in Sandy Point (St Croix, US Virgin Islands) from 1982 to 2001. However, Open Robust Design methodology is not yet applicable to leatherbacks nesting in French Guiana, notably because of the high proportion of females nesting once within and between seasons (Kendall & Bjorkland 2001, Rivalan et al. in press) . In this context, using the total number of nests remains a valuable tool for conservation purposes and the present study confirms the need to conduct nest counts and capture-recapture monitoring simultaneously in sea turtle conservation programs.
